The aim of this paper is to present the behaviour of the poly(vinyl alcohol) hydrogels [PVA-HG] in sodium and potassium chlorides aqueous solutions, due to their interactions. The tested [PVA-HG]-s have been obtained by repeated freezing and thawing cycles. White, heterogeneous hydrogels have been obtained. These hydrogels exhibit a mechanical active behaviour at their contact with electrolytes aqueous solutions, manifested by important changing in mass, volume and density of the hydrogel samples. These modifications could be explained by water elimination from the hydrogels that initially reached the equilibrium of swelling. The kinetic of the water desorption and the reversibility of this process, have been studied and some of the factors that influence this behaviour have been evidenced. The sensitivity of PVA hydrogels to electrolyte nature and concentration could be used in sensors design and also could explain some aspects of electrolytes diffusion through PVA membranes and targeted drugs delivery.
Introduction
Hydrogels are polymeric materials with a threedimensional structure that exhibit the ability to swell in water and retain a significant fraction of water within their structures. It is well known that the swelling behavior of polymer gels depends on their network structure whereas the latter is closely related to the conditions under which the polymer gels are formed (e.g. [1] ). Some of them, generally obtained from hydrophilic monomers [2] , are ''conventional'' in that they do not exhibit any significant volume transition to environmental changes (pH, temperature, etc.), while others, so-called ''intelligent'' hydrogels, can change their volumes abruptly in response to the changes of the external environmental factors, such as temperature [3] [4] [5] [6] , pH [6] , photo field [7] , ion concentration [8] , composition of the solvent [9] , etc.
Poly (vinyl alcohol) [PVA] is a well-known polymer, which can generate hydrogels by physical or chemical crosslinking [10] [11] [12] [13] [14] [15] [16] [37] [38] [39] [40] [41] [42] [43] . PVA has been used to develop new materials for different areas such as intelligent polymers [17] [18] [19] [20] , medicine [21] , drug release , sensors [43] , cell encapsulation material [15] , etc. One important feature of PVA hydrogels [PVA-HG] is the ability to change their mass, volume and density in contact with electrolyte solutions by eliminating a certain quantity of water which was firstly retained by the hydrogel [12, 14] . The present paper shows the effect of non-associated electrolyte solutions (NaCl and KCl) on the swelling behaviour of poly(vinyl alcohol)-based hydrogels prepared by repetitive freezing and thawing cycles. Two reasons have been taken in to account when we have chosen for a physical method of hydrogel obtaining. The first one is related to avoiding the presence of other substances in the hydrogel system, like non-reacted crosslinker or traces of initiator and catalyst. In this way the influence of Na + and K + ions on the hydrogels behaviour could be well characterized. The second reason is related with the very large medical applications of the PVA hydrogels obtained by freezing and thawing method. The body fluids contain Na + and K + ions and as consequence, it is very important to have information related with the behaviour of PVA hydrogels in the presence of these ions.
Kinetics of sorption of water in/from hydrogel and the transformation in shape and volume modifications of the sample according to the concentration of the immersion solution, of the time and of the cation nature, are also presented. Taking into account the large applications of the PVA-HG in medicine, drugs industry, agriculture, environmental protection, these studies could be helpful to explain the behaviour of the mentioned gel in the presence of different salts, the influence of the salts on the gel morphology and consequently on its capacity to retain water, to be loaded with different electrolytes, or on the permittivity against different substances (i.e. drugs, fertilizers, insecticides, etc.).
Experimental

Materials
(A) The PVA hydrogel has been obtained from PVA 90-98 (polymerization degree 900, hydrolyze degree 98%) supplied from The Chemical Plant Râ s ßnov, industrial grades and it was used without further purification.
The PVA powder was solved into magnetically stirred distilled water for 3 h at 80°C getting a solution with the concentration in solid matter (CS) by 11.14%. The solution obtained in this way was cooled and introduced in PVC cylindrical containers having a diameter of d = 1.80 cm. Then the solution was submitted at three successive freezing (at À15°C) and defreezing cycles (at room temperature), each stage lasting 12 h. After that, we got a hydrogel with a good mechanical resistance, white and opaque, which proves a heterogeneous structure.
(B) Potassium and sodium chlorides, commercially available (''Reactivul'' Bucuresti), pro-analysis grade have been used. KCl and NaCl solutions (1 M, 2 M and 3 M) were prepared from the solid state using distilled water.
Methods of study
The study of the desorption equilibrium
It has been used two types of samples (some, named type I with ca. 0.03-0.06 g and others, named type II, with mass around 1.1-2.2 g) prevailed from the hydrogel mass and immersed in distilled water until equilibrium is reached (14 days).
To study the phenomenon of water desorption from swollen hydrogels in electrolyte solutions presence, each sample was immersed into 20 mL (for small samples) and 30 mL (for big samples) respectively, of electrolyte solution, at different concentrations 1 M, 2 M and 3 M. The samples were taken from time to time and weighed with an analytical balance with a precision of 0.1 mg. The mass variation was recorded as a function of time.
The water desorption has been expressed by the percent of water kept into the hydrogel mass (Dm wt ) at the time t after hydrogel immersion in electrolyte solution, and calculated by using the following formula:
where m we is the equilibrium mass of the swollen hydrogel in water and m x is the mass of the xerogel. The hydrogel collapse has been expressed by normalized collapse degree (NCD) calculated as follows:
where m we is the hydrogel mass at its equilibrium of swelling and m st is the hydrogel mass at time t after immersing in salt solution.
Experimental data: discussions
Fig . 1 shows the effect of the electrolyte concentration on the mass of hydrogel samples as a function of the time. It can be observed that in the presence of both electrolytes (NaCl and KCl) aqueous solution the hydrogel samples diminish their mass.
Such behavior can be due to elimination of a certain quantity of water, working the hydrogel as an osmotic pump. After 500 min the water mass eliminations become smaller, till approximately 1500 min, at equilibrium state.
Once the salts concentration increases it can see an increasing loss of mass reaching to the following situation: when immersing into 3 M solution the sample loses by 40% from its water content. This fact reveals the PVA hydrogel special sensitivity in the presence of electrolytes. The last ones determine the modification of the balance between the interactions of the species present in the system: waterpolymer; polymer-polymer, water-electrolyte and polymer-electrolyte. In the presence of electrolyte solutions, PVA intramolecular interactions increase and the collapse occurs.
To check the influence of the hydrogel samples dimensions on the desorption phenomenon, both types of hydrogel samples have been tested (type I and type II). As it can be seen in Fig. 2 , the influence of hydrogel dimensions on its final mass decreasing can be neglected, especially for solutions with higher concentration.
Although the swelling equilibrium of hydrogels is not influenced in a determinant way by the samples dimension, the kinetic of water desorption from hydrogels are strongly influenced by this factor (see Fig. 3 ).
From Fig. 3 it can be seen that the elimination of water from hydrogels (des-swelling) is strongly influenced by the initial minutes of the contact between the hydrogels and electrolytes solution. The hydrogels water desorption rate increases when the electrolyte solution concentration increases and when the hydrogel dimensions are lower. Table 1 contains the fitting parameters, as a linear dependency, of the water mass retained in hydrogel, after its immersion in different types of electrolytes solutions as a function of time. 4 shows the decreasing of hydrogel water content as a function of the electrolyte concentration, in the case of type II hydrogel samples, at a pre-established time (1500 min). The retained water level in PVA-HG-s initially immersed in KCl solutions is lower than that retained in PVA-HG-s immersed in NaCl solutions. This behaviour evidences higher interactions between PVA-HG-s and KCl and as consequence their higher collapse. Such behaviour can be directly related with the breaker effect on the water structure provoked by K + and, consequently, the polar sites of PVA becomes more accessible to interact with the electrolyte.
From Fig. 5 it can be seen that the use of NCD as indicator of the behaviour of PVA-HG in the presence of electrolytes solutions is more sensitive than the use of water percentage retained by hydrogel. So, NCD shows that PVA hydrogels are more sensitive to the nature of electrolyte at higher electrolyte solution concentration.
Analyzing the water diffusion process, accordingly with the following relation:
where M wt and M we are the mass of samples at time t and at equilibrium time, respectively, and B is a constant, we can conclude from the obtained values for n (between 0.5 and 1) (Fig. 6) , that the mechanism of diffusion is non-Fickian. The values of n obtained for water diffusion from the PVA hydrogel, in the presence of KCl are higher than these obtained for diffusion in the presence of NaCl. Also the values of n are strongly dependent on the KCl solutions concentrations, but seem to be quite independently on the NaCl solution concentration (Table 2) . Probably, the higher concentration of K + ions determines the destroying of a higher amount of Hbonds between OH groups of PVA and water molecules and as consequence, the polymer chains become more mobile and could restructure them during the diffusant redistribution in the polymer matrix. Na + ions have no the capacity of H-bonds cracker and so, the H-bonds borned between polymer and water molecules maintain the same structure of gel, independently on Na + ions concentration. It could be assumed that K + ions influence more the bonded and weakly bonded water molecules while the Na + ions influence more the free water molecules from the hydrogel structure.
As consequence, the diffusion of water from the PVA swollen gel in the presence of studied electrolytes aqueous solutions seems to be better described by the Fickian model in the presence of NaCl and closer to molecular relaxation model in the presence of KCl.
In Fig. 7 we illustrated the coming back of the initially swell balance, after the immersion into distilled water of the shrunk samples under the influence of the electrolytes. It can be observed that the shrunk samples reabsorb water, evidenced by the increasing of their mass until they reach to equilibrium. This behaviour does not depend on the nature of the electrolyte in which the samples were initially immersed for contracting.
In conclusion, both NaCl and KCl case the coming back to the initial balance of swelling is not total.
Comparing the results obtained we draw to the conclusion that in the sample immersed into NaCl solution case, the recovery to the initial equilibrium state was at a smaller difference of 8% while in the samples immersed into KCl solutions the difference between the initial and the coming back stage was approximately 15%. This can be explained by the fact that KCl is well known for being able to break up the H bonds between the systems components [16] . So, that can break up the H bonds between the H 2 O molecules and the polymer molecules, producing a more powerful interaction between these ions (K + ) and the PVA macromolecule. The Na + cations interact less with the polymer already involved in H bonds with H 2 O molecules, so it is less kept into the hydrogel structure. Re-immersing the samples into the water, the quantity of electrolyte kept into hydrogel structure will diffuse into water. The more concentrated the electrolyte solution will be obtained when diffusing them into the water, the more the quantity of kept in ions was bigger. This solution will determine the maintenance of the hydrogel into the contracted state, not permitting to it in the coming back to the initial equilibrium swelling state.
Determining the concentration of the solutions obtained by re-immersing the shrunk hydrogels in distilled water, by interpolation the percentage of water retained in HG-s on the HG-s collapse curve from the Fig. 8, we obtained the values shown in Table 3 .
As it could be seen, PVA hydrogels retained a higher amount of KCl compared with NaCl, due to cation interaction with hydrogels.
From Fig. 9 it can be seen that the hydrogel samples dimensions evidenced an insignificant influence on the re-swelling hydrogels capacity (plotted % of water from the hydrogel correspond to 1500 min of hydrogels re-immersion in water).
Conclusions
Sorption and desorption of water in, respectively from PVA 90-98 hydrogels, obtained by repeated cycles of freezing and thawing, in the presence of concentrated NaCl and KCl aqueous solutions, have been studied.
It was evidenced that PVA-HG-s exhibit a mechanical active behaviour, shrinking in the presence of electrolytes and swelling in the presence of water.
The two processes (sorption and desorption of water) are not completely reversible, in only one step, due to the difference between the NaCl and KCl retention in the hydrogels matrix.
The experimental results show that the K + ions could be stronger retained in the PVA-HG structure, compared by Na + ions. As consequence, in presence of KCl solutions a higher amount of water has been eliminated from the hydrogel (mainly bonded and weakly bonded water).
It has been determined that higher hydrogel mass losses have been obtained for higher electrolyte concentration, for higher contact periods between hydrogel and electrolyte solution and by immersing the PVA-HG in KCl solutions comparatively with immersion in NaCl solutions.
The hydrogel mass losses are accompanied by hydrogels volume and density changes.
The NaCl and KCl could be eliminated completely from PVA HG-s by extraction with distilled water, in many steps. So, the same membrane, could be used more times on separation processes if more desorption steps are applied between the diffusion experiments.
The experimental data evidenced a non-Fickian water diffusion from the PVA swollen gels in the presence of NaCl and KCl. Due to the property of K + ions to be H-bonds cracker, the water diffusion from the PVA hydrogels could be better described by the molecular relaxation model (n > 0.5 and dependent on K + ions concentration). In the presence of Na + ions, water diffusion from PVA gels could be closer to Fickian mechanism (n ffi 0.6 and independent on Na + concentration). It could be concluded that the water elimination from PVA swollen hydrogels is strongly influenced by the cations nature, not only from kinetically and thermodynamically point of view, but also from that of the mechanism.
The obtained results are important for the quantifying of the tested salts diffusion through PVA 90-98-HG membranes, for determining the capacity of PVA-HG to be loaded with different salts, to explain the influence of these salts presence in the diffusion of drugs or other active substances through PVA-HG membranes that are very similar with the human body cellular membranes and to manage the cells growing on PVA HG-s in nutrient environment (that usual contain Na + and K + ions).
